Introduction.-Although it was first demonstrated almost twenty years ago1 that fragments of the early embryonic shield of Fundulus differentiate successfully after implantation to the extra-embryonic membrane of hosts the same age as the donors, no systematic analysis has subsequently been made of the comparative capacities for differentiation of various -portions of the shield after such transplantation. Accordingly, an investigation is currently in progress for the purpose of studying on the extra-embryonic epithelium the development of fragments representing four different antero-posterior levels of the Fundulus shields. While final description and interpretation of the results must await completion of the histological study of the experimental embryos, inspection in the living material of the patterns of differentiation accomplished and evoked by the grafts reveals some features of sufficient significance to warrant their presentation at this time.
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Experimental Procedure.-The grafts consisted of fragments obtained by dividing stage 13 or stage 142 shields antero-posteriorly into four parts, of approximately equal length (Fig. 1 ). These were implanted on the extra-embryonic membrane of hosts approximately the same age. All layers constituting the shield were included in the grafts. The hosts were raised to stage 31 or stage 32, the prehatching or hatching stages, respectively.
Observations.-The secondary structures identifiable in the living condition which were differentiated by the grafts or in association with them included brain, spinal cord, eye and lens, ear, heart, pericardium, notochord, segmented musculature, urinary bladder, peritoneum, and pectoral and longitudinal fins. When similar grafts, in another experimental series,3 had been implanted into the shield rather than on extra-embryonic membrane heart, pericardium, bladder, peritoneum and longitudinal fin were not differentiated, and pectoral fin was formed with far less frequency. Furthermore, as far as the components of the secondary aggregates which can be identified in the live material are concerned, the variety of structures differentiated as a result of implantation of grafts derived from any specific level seemed considerably wider after transplantation to extra-embryonic than to embryonic regions; this was particularly evident for grafts from the posterior parts of the shield.
Of equal interest with the specific content of the secondary masses is the arrangement of their constituent organs within them. In a number of cases, following the extra-embryonic implantation of the fragments designated 3 and 4 in Figure 1 , the secondary structures were organized to form entities resembling trunk and tail, in which the principal axial structures exhibited their typical topographic relationships to one another. These represented secondary embryos which, though smaller than their primary counterparts, were sometimes of remarkable quality (Figs. with differentiated canals have formed anterior to the fins; the right member of the pair, containing three otoliths, is seen at the right of the drawing. Another smaller and less highly differentiated auditory vesicle, unpaired and containing only a single otolith, located posterior to the fin in the embryo, is farther to the left of the figure. AV, auditory vesicle; F, fin; H, heart; P, pericardium. Magnification, X55.
VOL. 41, 1955 681 F The tails of the induced embryos were rarely straight, and two were bifid. The anteriormost structures formed in embryos induced by the implantation of fragment 3 or fragment 4 consisted most often of heart or pericardium, ear, or pectoral fin. Pericardium was often differentiated in the absence of heart. The heart, when present, was rhythmically contractile but failed to establish circulation within the secondary embryos; it was, in fact, a characteristic attribute of the extraembryonic grafts and their associated structures that they lacked vascularization in almost all cases, although the vitelline vessels of the hosts coursed adjacent to and sometimes immediately below them. The pectoral fins were unique among the induced structures in that they were frequently equal in size to those of the host, and in some cases they were functional. In several induced embryos they were reduplicated.
The auditory vesicles differentiated by the secondary embryos were in most cases small and retarded in development as compared with the primary ones, failing to differentiate canals but containing in some cases the two otoliths characteristic of the early Fundulus ear, in other cases only a single one. The production of ear rudiments is appropriate for embryos induced by the implantation of fragment 3, which includes the prospective hindbrain region, and is not wholly unexpected at the anterior limits of those produced by the implantation of fragment 4, which presumably undergoes some regulation when isolated on extra-embryonic epithelium and which in any case borders anteriorly on the prospective hindbrain region. Especially noteworthy, therefore, is the position in the induced embryos of the ear primordia, which developed in a number of cases at some distance caudad of their typical antero-posterior level. These were located posterior to the pectoral fins, in the trunk region of the secondary embryos, adjacent to notochord and to what appears to be spinal cord, with somites anterior as well as posterior to them. Their development in mid-notochord levels is of particular interest in Fundulus, where the chorda normally has its anterior termination posterior to the ear level.
The ectopically located auditory vesicles were in some cases the only secondary ear rudiments differentiated (Fig. 2) ; in at least one case, however, such a primordium was located well posterior to the pectoral fin on the right side of the embryo, while other secondary paired ears, much more advanced in their differentiation, were found in their normal position anterior to the fins (Fig. 3) . A case somewhat similar to the latter has been illustrated at an earlier stage in development for an induced Fundulus embryo described some time ago (see Fig. 9 of an earlier paper1); here a single medially located auditory vesicle was situated anterior to the secondary pectoral fins, and another ear rudiment was produced just posterior to the left secondary pectoral fin.
Discussion.-The fact that the ear, which normally develops at a single specific antero-posterior level of the embryonic axis, can also differentiate at an appreciably more posterior level, in association with structures not usually found in close topographical relationships with it, is of considerable interest. Otocysts have frequently differentiated atypically in the amphibian as a result of the use of abnormal inductors4-7; Chuang' and Toivonen6 reported an unexpectedly high frequency of otocysts at trunk levels after implantation of abnormal inductors into the blastocoele, but this has been accounted for as possibly a result of interaction of regional influences between host and graft. 8 The factors responsible for the atyp-ical location of the auditory vesicles in Fundulus must be sought in the secondary embryos themselves rather than in the relationships of these to the primary embryo, for, as previously emphasized' and as confirmed by the character of the structures developed in the present series, the differentiation of parts located remote from the hosts on the Fundulus extra-embryonic membrane is not subject to influence from the primary embryo.
Chuang5 also studied the differentiation of explants in which fresh Triton liver has been combined with prospective ectoderm. At least one of these gave rise to auditory vesicles, though it consisted otherwise only of nonbrainlike nerve tissue, chorda, muscle, and connective tissue. Yamada and Takata7 reported otocysts to have differentiated, following the implantation of mouse kidney in isolated ectoderm, in explants consisting largely of spino-caudal structures (cf. their Table 3 , which lists 7 out of 32 such explants as containing ear vesicle and only 4 as containing brain). As a matter of fact, the occasional differentiation of ears in fish isolates containing primarily trunk and tail structures has also been reported for the trout,9 in an experimental series in which prospective ectoderm of trout had been combined with posterior archenteron roof (trunk organizer) on the yolk-sac epithelium of older trout fry.
The significance of ear formation under the influence of living or abnormal inductors in irregularly shaped explants or isolates containing primarily spinocaudal structures is hardly to be minimized. Ectopic ear differentiation in such highly organized secondary embryos as discussed here for Fundulus demonstrates, however, even more dramatically that there may be mechanisms involved in the production of auditory vesicles which have hitherto escaped detection. In the first place, the fact that ear rudiments predominate as the ectopic structures suggests that these organs may be more readily induced than are other organs by agents not typically active in their differentiation, a contingency which may be related to the fact that differentiation of the ear, at least as exemplified by that of the amphibian, has been demonstrated to be affected by a greater number of factors than is that of most other organs so far investigated.'0 Interesting, however, as the agents responsible for governing the differentiation of ears per se may be, the present results are of wider significance: since they demonstrate the operation of factors functioning at various points along the primary axis, they may open a way to investigate the differentiation of a highly localized structure as related to the organization of the embryonic axis as a whole. While their full significance remains to be evaluated it may be stated now that the reported data are extremely difficult to reconcile with the concept that a single inducing system, diminishing quantitatively as a gradient along the axis, could be responsible for releasing the diversity of form which characterizes the vertebrate embryo.
Summary.-The development of fragments representing four antero-posterior levels of the embryonic shield of Fundulus has been studied after their implantation to extra-embryonic regions of hosts of approximately the same age as the donors. The variety of structures formed in association with grafts of any particular level is greater after implantation to extra-embryonic than after implantation to embryonic regions. Of particular interest, however, is the arrangement, of structures differentiated and induced by the grafts. The fragments representing the two posterior quarters of the shield often induce highly organized embryos containing, besides a number of trunk and caudal structure, auditory vesicles which are frequently located posterior rather than anterior. to the secondary pectoral fins. The fact that the ear, which normally develops at a single specific antero-posterior level of the embryonic axis, can also differentiate more caudally in organized secondary embryos, suggests that there may be mechanisms involved in ear production which have hitherto escaped analysis and which have a fundamental significance with relation to the factors governing the establishment of the primary embryonic axis as a whole.
